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DESCRIPTION 
WT 10465 


HADLEY's O 


4 


Tur invention of this valuable inſtrument is faid to 3 ariſen 


from J. Hadley, Eſq. who made it public in the year 1731, by a 


paper then communicated to the Royal Society; and ſome writers 
upon the inſtrument have attempted to prove the invention to have 
been Sir Iſaac Newton's, and others; but from Mr. Hadley's firſt 


publication of it, and his great abilities and particular ſkill in op- 


tics, there is no doubt but he was the original inventor of the in- 
ſtrument, and accordingly it has always borne his name. 


I Deſcription of the OCTANT. See Fig. I. 
AB C is a repreſentation of the whole inſtrument, and is made 
in wood and braſs, or all braſs, from 4 to 18 inches radius, wiz. 
from the center of B to the arc at D; about 16 inches is the radius, . 
commonly made uſe of at ſea. 5 


The inſtrument conſiſts of the following parts: 1. The inden, 


B D. 2. The index glaſs on B. 3. The horizon glaſſes, H and R. 
4. The dark- coloured ſkreen glaſſes, F. 5. The fight vanes, E 
and I. 6. The adjuſting levers and tightening ſcrews on the back 
of the inſtrument, under the two horizon glaſſes, H and R; (See 
fig. 2.) where T denotes the tightening ſcrew, and A the adjuſter. 
7. The arch, A C, of, 90 ; in ſome inſtruments this 


4-7 | 
arch is continued to 120?, ſomething more; and from the 


frame then being the ſixth part of a circle, is called ee Sextant. 


This extenſion of the arch renders the inſtrument much more uſe - 


Ss = 
* 


ful when large angular diſtances are to be meaſured. 


The INDEX, B D, is flat bar, moveable on the center of the 


inſtrument; and carries with it, round the center, the index glaſs; 


A @ . ö 


C TAN T. 


'4 


144 
the middle, containing a ſmall divided piece, called the 1 
by means of which, an angle may be meaſured to the accuracy of 


a minute of a degree. There is a tightening ſcrew on the back of 


D, which ſerves to faſten the index at any ſituation on the arch. 

When the index is moved, it mould be by the bottom parts and 

not the middle. 

The INDEX GLASS on B is a flat ſquare piece of glaſs, truly 
ground an poliſhed, quickſilvered on the back, and fixed in a 

_ braſs frame; behind it are two ſmall ſcrews ap draw it up firm in 


its frame, and to the bottom of this upright plane is joined another 


braſs plane P<rPe rpendicular to it, by which all the braſs work carrying 
the index glaſs is ſcrewed down to the index. The uſe of this 
mirror is to receive the rays from the ſun, or other object obſerved, 

| and reflect them on the horizon glaſſes. - 


The HORIZON:GLASSES, H and R, are two ſmaller portions: 


of flat glaſs, truly ground and liſhed. The glaſs H is called the 
Fore horizon glaſs, and the glaſs R, the zack horizon glaſs, agree- 


ing to the words fore and back obſervation, the meaning of which 
| wil be hereafter' explained. 


The lower half of the glaſs H is ' quickſilvered, the upper half 


' Jeff — — 2 ſo that the edge « of the ſea, or other horizon, may 


be ſeen - of 
The glaſs K is filsered all over, except; a tranſparent ſlip in the 
middle, through which the horizon is to be ſeen. 

Theſe two glaſſes are ſet in braſs frames, ſimilar to that of the 
index glaſs, and fixed on moveable baſes, which are ſo adjuſted by 
icrews, as to ſet the glaſſes in their true poſitions. 

The SKREENS, F. are coloured pieces of glaſs, truly ground 
and ſet in braſs frames; they, ſerve as a defence to the eye from the 
rays of the ſan during the obſervation. When they are uſed for a 
fore obſervation, they are to be where the figure ſhews them; and 

when uſed fora 1 8 obſervation, 1 to be laced below, between H and 
I. In the common quadrants two of theſe glaſſes are placed, but in 
the beſt finiſhed, three, and ſometimes four, and bes are left eaſy 


| | in their cells, to moye round when accurate obſervations are made. 


The SIGHT VANES, E and I, are two pieces of braſs, ſtand- 
ing perpendicular to the. plane of the N in order to direct 


the eye properly to the b orizon 8. d es. The vane E has uſually 
vo ſi ght-boles ;, the under one for 


image of the ſtars, or faint objects in the quickſilvered edge of the 
horizon | glaſs before it, and the upper one for viewing the re- 
flected image of the lon. ** bright enough,) from os tranſpa- 


renf "TheAT of: the ſame g 
ADJUSTIN G EVER, (fig. 2.) which 3 is fixed on the back 
1 and ſerves to move the horizon glaſſes to the ut- 


5 : Wh 9 5 by the 1 5 A; when this lever is to be made uſe 


ſcrew T T muſt be e then, when by the adjuſter 
=; he b horizon, Bus | is ſufficient moved, it is ſcrewed faſt + 


< #1154 
ns 


the better viewing the reflected 


nature and uſe will evidently 


| and: it will keep the lever from changing its poſition. In ſome 
inſtruments of the better kind this lever is moved by an endleſs 


The ARCH, A C, (fig. 1.) which is an oc ant, or the eighth part 
of a circle divided into 905 (degrees); each of theſe degrees is 


ſubdivided into three equal parts, each denoting 20“ (minutes) or 
the third of a degree. The ſmall divided ſcale in. D, called the 


Vernier, made of box wood, ivory, or braſs, is divided into a 
certain number of equal parts, uſually 20, and it farther ſubdivides 


the arch into every minute (1); therefore the motion of the index 


B D may be aſcertained to the accuracy of a minute,. or the 6oth 
of a degree. >a | EE 

Before the learner proceeds to make any obſervation with the 
inſtrument, he muſt be perfectly acquainted with the nature of this 
Vernier; and if attention is paid to the following explanation, its- 
Each degree, as before obſerved, is divided into 3 minutes, (See 
fig. 5, from 209 to the following divifions) therefore in 7 degrees 


' there will be 21 minutes; then if on the piece of ivory, or Vernier, 
we take a length juſt equal to 7 degrees, and divide it into 20 


equal parts, it is evident, that ſince 20 of theſe anſwer to 21 on 
the limb, each one of theſe will exceed each on the limb by th 


part, that is, by one minute; therefore 2 on the Vernier will ex 
ceed 2 on the limb of the quadrant by 2 minutes, 3 on the Ver- 


nier by 3 minutes, and ſo on: conſequently, if the line marked O 


at the n of the diviſions on the Vernier, be any where be- 
ons on the limb, there will be a coincidence of one 


tween two divi f | | | den 
diviſion on the Vernier with one on the limb ſomewhere ; and by 


obſerving where that coincidence is, you will ſee at the ſame 
time how many minutes the index has paſſed the laſt diviſion 


of the limb. Thus, if the coincidence he at the 3d diwiſion on the 


Vernier, it ſhews. the index has ed the laſt viſion by 3 mi- 
nutes; if the coincidence be at the 4th line on the Vernier, 


_ index 7 minutes beyond the laſt on the limb, and ſo of the 
But to make this matter clearer, let A B (fig. g.) repreſent 3 
portion of the graduated limb of the quadrant, and C D, the Ver. 
zier on the index, placed appoſitely thereto, and in taking an ob- 
ſervation, ſuppoſe the O, on the beginning of the divifions on the 
Vernier, be found between the 23 and 232 2007, as in the figure; 
then looking for the firſt coincidence of lines on the /imb and Ver. 
nier, you find it to be at the 6th diviſion of the Vernier, therefore 
the angle is 23 or. 3 oe e en e 
The two tens on the Vernier are the onl two diviſions that 


doincide at a time with the diviſions on the arch, if the inſtrument 


is accurately divided. 


leſs than half a diviſion of the limb, then the comei 
4 of | 3 i | : | 
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the right hand of O in the Vernier; if it has moved over more than 
half, it will be found on the left hand; if over juſt half, the coin- 
cidence will be at 100%. This ſhews the reaſon why the beginning O 


is placed in the middle of the Vernier, and not at the end; becauſe 
in fuch a cafe you muſt look through all the diviſions of the Ver. 


zier at once for the coincidence, whereas now we need but look 

over one half of them. a Sa 

A more elegant and convenient mode of figuring the Vernier is 

now generally adopted in the beſt inſtruments ; which is, by taking 
20 diviſions on the Vernier, equal to 19 on the limb, conſequently 

one diviſion on the limb will exceed one on the Vernier by 2th 


part, that is, by one minute; therefore the figures on the Vernier 


reckon all one way, viz. to the left hand. (See C D, fig. 6.) And to 
make this likewiſe clear, ſuppoſe the O, or beginning of the divi- 
 fions on the Vernier, be found between 70 4o' and 71% then 
looking for a coincidence of lines on the Vernier and limb, you 
find it to be at the 12th divifion of the Vernier; therefore the an- 


gle is zo? 52 which is made by adding the 12' to the preceding 


7 Tims much for the deſcription of the ſeveral component parts 
of the inſtrument : but previous to the directions for the proper 
methods of making obſervations, the learner muſt be well acquainted 
with the mode of adjuſting the e of the quadrant; for ſhould 
it come ever ſo perfectly adju 

liable to be put out of order by ſeveral accidental circumſtances, 
vx. the warping of the frame from the ſun's heat, ſtraining of the 
parts that are only ſcrewed, a fall, &c. Hence it is neceſſary that 
the mariner ſhould be able to aſcertain the error, and re-adjuſt the 
ſeveral before the obſervations are made. | 


The following are the particulars to be attended to, in the adjuſt- 


ment of the Hadley's quadrant. . | 
| _rft. That the index glaſs be age: to the plane, or ſurface 
of the quadrant; adly, That the ſryace of the fore horizon glaſs H 
de preciſely parallel to that of the index glaſs, when the index is 
ſet at O, and the ſurface of the back horizon glaſs R perpendicular 
to the index glaſs, the index being at the fame ſituation; or z3dly, 
The index error, which is no more than diſcovering at any time 
how much the horizon glaſſes are out of their proper poſition, 
when the index is ſet at O. This error is diſcqvered in degrees or 
minutes by the index, and very frequently is attended to alone, in 
dn. wa to the mode of adjuſting the horizon glaſſes juſt ob- 
Firſt, To diſcover whether or not the index glaſs is perpendicular 


to the plane of. the quadrant, you muſt hold the quadrant in an 


horizontal paſition, and bring the index glaſs near to your eye; 


look into it in a direction parallel to the plane of the quadrant, 


and ſee if the reflected arch appear exactly in a line with the arch 
ſeen die@ by the eye, or that they make but ane even plane, if fo 
6 ; 6s | : a 


ed from the maker's hands, it is 


another, it ſhews that the index glaſs i 
de reRified by the ſcrews which are on the baſe behind the glaſs ; 
the outer ſcrew is the regulating one, the others only ſteady ſcrews, 


Ao 


the index glaſs is ſufficiently upright, or perpendicular; but if, on the 
contrary, the arch and its reflected 8 appear inclined to one 


elf is inclined, and muſt 


and by gently preſſing the top of the glaſs, the way it inclines is ea- 


' fily diſcovered. 


Secondly, To adjuſt the fore horizon glaſs H, the O on the Ver- 
nier of the index muſt be brought to coincide exactly with the O on 
the arch, which may be inſtantly done by bringing the index cloſe 


to the button at G; then hold the plane of the inſtrument verti- 
cal with its arch downwards, look through the right hand hole in 


the vane E, and direct the ſight through the tranſparent part of 
the glaſs H to the horizon, or edge of the ſea. Now if the hori- 
zon line, ſeen both in the quickſilvered part and through the tranſ- 
t part, ſnould coincide, or make one ſtraight line, the glaſs 
is waly adjuſted : but if one of the horizon lines ſtands above 
the other, ſlacken the ſcrew- T (fig. 2.) in the middle of the lever 
dehind the glaſs, and turn the button A backwards or forwards, 
s there is occaſion, until the horizon lines coincide, then faſten the 
ſcrew T in the middle of the lever, and this horizon glaſs is ad- 
7 ſted. | - 5 . 
a The moon or the ſun, if a dark glaſs is uſed before the eyes, 
will be better objects to adjuſt the glaſſes by; only you muſt 
particularly obſerve in this caſe, that when the index is at O, that 
the moon or ſun by direct viſion exactly cover the moon and ſun 
by reflection, that is, neither higher or lower, and that they are; 
not on one ſide of each other; if they ſhould be on one ſide of 
each other, they may be brought exactly to join, by moving one 
of the ſcrews on the baſe of H with a ſcrew driver, taking care to 
tighten one as the other is ſlackened. Theſe two adjuſtments may 
de made more exact if you look through the upper hole of the vane 
E, and take the reflection from the unſilvered part of the horizo 
glaſs, which is uſually ſtrong enough for this ꝓpurpoſee. 
To adjuft the. back horizon glaſs R, which is a glaſs never 
made uſe. of at. ſea but when the horizon under the ſun is too ob- 
ſeure to be well enough defined for an obſervation, or the interpo- 
ſition of land, then the obſerver turns his back to the ſun, and 
books through the tranſparent ſlit at the horizon. The method of 
adjuſting this as well as the fore horizon glaſs, not being gene- 
ally known to the mariner, is alſo another reaſon why it is neg- 
efted : but if attention is paid to the following directions, 
my of adjuſting it will appear as clear as for the fore horizon 


Turn the button G on one fide; find the dip of the horizon for 
tte height of your eye above the water, by the table at the end of 
de book (as will be explained hereafter) and ſet the middle line 
Vernier as many minutes before O of the arch. as there = 


of 


. Mnred twice with the index, placed alternately before and behind 


. 

in tewrice that dip; hold the plane of the inſtrument vertically, with 
the arch downwards; look through the hole in the vane I, and 
i the horizon line ſeen through the tranfparent ſlit in the glaſs R 
TCoineides with the image of the horizon ſeen in the quickfilvered 
part of the ſame glaſs, then the glaſs R is in its proper poſition; 
af not, flacken the ſcrew T, in the middle of the lever behind the 
laſs R, and looking through the vane E, as before, turn the button 
at the end of the lever backwards or forwards, as it is wanted, 
until the horizon lines coincide ; then tighten the middle. farew, 
and the glaſs R is adjuſted. In ſetting this glaſs by the oppoſite 
horizon, the head ſhould be held a little backwards, not to inter- 
xupt the light from behind. The horizon ſeen from behind will be 
inverted, that is, the water will appear above and the ſky below. 
If the two horizon lines croſs one another, the inſtrument is not 
held upright. Another way of adjuſting this ſhall be deſcribed in 

the method of making a fore obſer vation. 
Thirdly, Suppoſing the former adjuſtments were not attended 
to, to find Poe 7 cir. error of adjuſtment, called the index error. 
The method is, to turn the index of the quadrant until the ſun, the 
moon, or any other proper diſtant object, . 70a as one, by the 
union of the image reflected with the object ſeen directly in the 
horizon glaſs; then the number of minutes by which O on the 
Fervier differs from O on the limb, is the error of adjuſtment, or 
the index error. If O on the Vernier ſtands between 0® and 90˙ 
on the limb, that is, on the quadrantal arch, then this.error is to 
be ſubtracted from the angle or altitude ſhewn on the limb by the 
index: but if O on the Vernier ſtands on the other fide of O on 
the limb, that is, on the ſmall arch of exceſs, then the index error 
is to be added to the angle fliewn on the limb. 
Another way by which the index error may be more accurately 
determined, is by meaſuring the diameter of the fun ;* to do 
which, the ſkreens F muſt be put back, and then looking into the 
Horizon glaſs H at the ſun, you move the index, and bring the 
upper limb or edge of the ſun to coincide, or juſt touch the lower 
edge: if it meaſures 32 minutes, there is little or no index error; 
but if it is leſs than 32 minutes, add the difference to any angle 
you meafure, and, en the contrary, if it is greater, it muſt be 
Iubtracted from the angle. Or the fun's diameter may be mea. 


the beginning, or O, of the diviſion ; half the difference of theft 
deo meaſures will be the correction to be applied as juſt men: 
_ ® Inthis method a dark glaſs, or flider of dark glaſſes, ſhould be applied to ur 


* 4 pe — 
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Ta take the Sun's Altitude by the Hadley's Quadrant. 


- I. By the fore Obſerwation—Fig. 1. 
FIX the ſkreens F above the fore horizon glaſs H, which are 


+ 


: to be uſed ſeparately or combined, according to the ſtrength of the 
ſun's rays, by turning the edges of their frames cloſe againſt the 


plane or face of the inſtrument ; then the face being turned towards 
the ſun, hold the quadrant in your right-hand by the middle part 
of its frame, in a vertical poſition, with the arch downwards ; put 
your eye cloſe to the left-hand hole at E, (as the ſun is gene- 


rally bright enough to be ſeen from the unſilvered part of the ho- 


rizon glaſs H;) now as you are towards the ſun, look at the ho- 
rizon through the tranſparent part of the horizon glaſs H, which 
is directly under the ſun, then move the index at D forward with 
your 1 hand till you ſee the red image of the ſun come down 
and touch the horizon; if you do not find the red image readily, 
thra the ſlereens back, and you will then find it by its brightneſs, 
after which replace the ſkreens. The ſun being thus brought to 
touch the edge of the ſea with its ander or upper edge, ſwing your 
body to the right and left, to try if the ſun's edge glides along the 


' horizon without cutting it, if it does, the obſervation is well 


made, and the Jernier on the arch will ſhew in degrees and mi- 
nutes the altitude of that edge of the ſun which was brought to the 


horizon. | | 
If the lower edge, as is cuſtomary, was obſerved, 16 minutes, 
(the ſun's ſemi-diameter) added to the ſaid degrees, will give the 
altitude of the center of the ſun; but if the upper edge was ob- 


ſerved, the 16 minutes muſt be ſubtracted. 
II. By the back Obſervation. 


Set the index at O; place the ſtem of the ſkreens F into the 


hole next the horizon glaſs R, uſing them as before mentioned, 
according to the ſtrength of the ſun's rays; then turning your back 


to the ſun, hold the inſtrument by the fide next the horizon glaſſes 


in a fimilar poſition to the laſt, place your eye cloſe to the hole in 
the vane I, and look for the red image of the ſun in the quick-fil- 
vered part of the horizon glaſs R; then gently pull the index 
towards you, and move the quadrant until you have brought the 
upper or lower edge of the image to join or touch, as before, the 
horizon or edge of the ſea; ſwing your body to the right and 


left, to try if the ſun's edge runs along the horizon; if it does, the 


obſervation is well made, and the Vernier on the arch will give the 
altitude in degrees and minutes of that edge of the ſun which was 


obſerved. 


If the ſun's lower edge was obſerved, then 16 minutes ſub. 


trated from the faid degrees will give the altitude of the ſun's 
| 5 _ B | 
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center; but if the upper edge was obſerved, then 16 minutes are 


to be added, the reverſe of the former. | 
The fore obſervation is of the two the more convenient, be: 
cauſe there is a much larger ſcope above and below the altitude 


wanted, than in the back obſervation, which, on account of- the 


obliquity of the index glaſs to the horizon glaſs, is more con- 


tracted in its ufe : and, indeed, the back obſervation ſhould never 
be uſed when there is a clear horizon forwards, or under the ſun, 


but only when it is hazy, ill defined, or intercepted by land ; it is pro- 
per, therefore, that the horizon glaſs R ſhould be always well ad- 


juſted: and becauſe the former method is not readily attained by be- 


ginners, the following is given as one ſomewhat more convenient. 


Another Method to adjuſt for the back Obſervation. 


At any time when you have a clear horizon both for the fore 
and back obſervation, take the altitude of the lower edge of the 


ſun by the fore obſervation as near to noon as can be, fix the index, 
then place the ſkreens in the hole next the glais R, and turning 
immediately your back to the fun, look through the back fight 


vane I, and the open flit in the horizon glaſs R; then if the 


upper limb of the fun (in this obſervation it will appear to you 


the lower limb) 7 how to touch or {weep the horizon, the glaſs 
is adjuſted : but if they do not touch, adjuſt it by the lever as 
before. Repeat this ſeveral times when the ſun does not change 
his altitude very faſt; thus your inſtrument will be nearly adjuſted 


and ready for obſervation. 


To take the Altitude of the Moon. 


The moon's altitude may be taken either by the fore or back 


obſervation, exactly in the ſame manner as the ſun's altitude; 


only in this caſe you bring that edge of the moon into contact with 


the horizon which is round and well defined, whether it be the up- 
per or under edge. The corrections (hereafter mentioned) to be 


applied to the obſerved altitude of the moon are more numerous 


than for any other luminary, and every mariner ſhould take care 


to provide himſelf with the, Nautical Almanach, which contains a 


neceſſary collection of tables for the intended year. 


To take the Altitude of a Star by the fore Obſervation. 
The index being ſet at O, and holding the quadrant in a verti- 


cal poſition as before, direct the ſight to the ſtar through the hori- 
zon glaſs, and at the ſame time look for the reflected image of the 


ſtar in the filvered part of the horizon glaſs; move the index a 
little, which will ſeparate the reflected image from the direct 
image; the former will be eaſily diſtinguiſhed from the latter by 
1 . 10 wiyance oy 
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index, following, at the ſame time, the reflected image of the ſtar 
with your eye, directing the fight lower and lower, and changing 
the poſition of the quadrant as the ſtar deſcends, till you have 
brought it to touch the horizon: the Vernier will then ſhew the 


obſerved altitude of the ſtar. | 


If the altitude of the ſtar is rather great, ſome other ſtars beſide 
the one wanted may appear by reflection from the index glaſs on 
the horizon glaſs H; theſe will move about with the motion of 
the inſtrument, but the true ſtar will remain at reſt about the mids 
dle of the glaſs, ſo that the others cannot be miſtaken for it. 


An Account of the late Contrivances for improving the Me- 


thods of making Obſervations to the greateſt poſſible Accuracy. 


Within theſe few years Hadley's quadrants have been applied by 
the ſkilful mariner to take the obſervations neceſſary for finding 
the longitnde at fea, it having been found that ſuch obſervations 


required a degree of accuracy to which the inſtruments conſtructed . 


in the common way were not competent : the mariner having com- 


plained of theſe defects, we have applied ſuch ſundry apparatus to 
the quadrants that in a great degree obviate the inconveniences 


complained of. The moſt material are as follow: 
1. The graduation of the arch and Fernier, done by an engine 


of a new and peculiar contrivance, and by which we are enabled 


to divide inſtruments in general to greater accuracy, and particu- 


larly ſmall inſtruments of no greater radii than 10 or 11 inches, into 


the exactneſs of 15” or: 30” (ſeconds) of a degree. 


2. A tangent ſcrew to the lower end of the index, (ſee X in = 


fig. 4) to regulate its motion, when brought by the hand to a divis 
fon ſhewing nearly the contact required; and a magnifying glaſs, 


do read off the diviſions ſhewn on the limb by the Vernier. 


3. A ſmall tube 8, (fig. 4) inſtead of the fight vanes, to direct 
the line of fight parallel to the plane of the quadrant, which tube 
is to be ſcrewed into a ring E, that is fixed to a ſquare ſtem which 
flides in the ſocket made tor the ſight vane ; and by the help of a 
ſcrew under this, at the back of the quadrant, this ſtem may be 
raiſed and lowered, ſo as to move the axis of the teleſcope to point 
to any part of the horizon glaſs which is judged moſt proper for the 
obſervation. | | | \ 

4. Toobſerve the contact of objects more accurately, a ſtpallachro- 
matic teleſcope T is likewiſe fitted to the ring E; it magnifies 
about five or more times, and generally has fine parallel wires in 
the focus of the eye glaſs, that the contact of the objects may be 
obſerved in the middle between two wires; they divide the field 
of view into three equal parts; and when the teleſcope is adjuſted 
parallel to the plane of the inſtrument, it will remain ſo during 
the obſervation. It draws out at R, in order to adapt it to the 


eyes of different obſervers, and to the different diſtances of the ob- 
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to be bent, con equently the ſame obſervation would have diffe- 


new manner of ſetting the index glaſs in its frame. 


blacked; by which means the rays only that fall on its face will 


to want no adjuſtment at fea; but the method of trying this may 


not leſs than go degrees aſunder, (the fun and moon are very pro- 


— — —— K * 
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(12 ) 
jects to tlie ſame obſerver. The teleſcope is adjuſted by means of 
two ſcrews, a. b., placed on the ring E, the method of which will 
be deſcribed hereafter. . | „ 
5. The arch has alſo been extended from an octant to a ſextant, 
or the ſixth part of a circle; by which means angles exceeding go 
degrees may be obſerved, and ſuch angles are frequently wanted 
in taking the angular diſtances between the moon and ſun, or moon 
and ſtar ; alſo, he the convenience of holding the inſtrument ea- 
_ fly in ſuch obſervations, a ſtout handle is fixed to the back, and is 
a very neceſſary addition. The inſtrument is made throughout of 
braſs or other metal, and internally framed of different figures, 
according to the opinions of the maker, but the accuracy conſiſts 
in ood glaſſes, centering and dividing. 
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The index glaſs being liable in the common way of mounting 


rent meafures according as the object happened to be reflected from 
different parts of the index glaſs; this has lately been rectified by a 


7. Every glaſs mirror has two reflections, viz. one from the 
face, and one from the filvered back ſurface ; theſe double re- 
flections cauſe not only confuſion among the reflected rays, but 
conſiderable errors in the obſervation, if the face and back of the 
glaſs are not parallel planes: and as none of theſe can happen 
from a plain mirror which has but one reflection, the upper part 
of the index glaſs is now made with its back rough ground and 


be reflected, and theſe are found ſufficient when the object ob- 
ſerved is tolerably bright; but when it is otherwiſe, the object 
may be obſerved from the lower part of the glaſs, which is ſilvered. 

Theſe ſeveral improvements are applied only to ſuch quadrants 
and ſextants as are conſidered of the beſt kind. 


To adjuft the Teleſcope. 


The axis of the teleſcope is generally placed by the inſtrument 
makers as nearly parallel as poſſible, therefore it may be ſuppoſed 


be done in the following manner: fix on any two diſtant objects, 


per for the purpoſe) bring their neareſt limbs into contact, by | 
moving the index until they are reflected together; let this con- 7. 
tact be at the wire neargſt the plane of the inſtrument, (the tele- 255 
ſcope muſt be previoufly turned, ſo as to have brought the wires 

Parallel to the plane) then altering the poſition of the inſtrument 
a little, bring the two objects to the wire fartheff from the plane of 
the inſtrument: if the limbs are ftill in contact, the teleſcope is al- the 
juſted; if not, and the edges of the fun and moon lap over each 
other, it ſhews the object end of the teleſcope to be 8 of th 
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from the plane of the inſtrument, and this muſt be rectiſied by 
unſcrewing the loweſt of the two ſcrews, 3. and a. (fig. 4) a little, 
and tighten the higher one, à.; if, on the contrary, the contact 
is obſerved at the uppermoſt wire, and when tried at the lower, 
they are ſeparated, it ſhews that the uppermoſt ſcrew, a. muſt be 
flackened, and the undermoſt ſcrew, 5. tightened. This opera- 
tion being repeated, will render the means familiar, eaſy, and 
exact. 

Underneath the ring E, which moves upon an axis, there is 
a ſcrew E, which draws this ring and teleſcope nearer to, or moves 
them farther from, the plane of the inftrument, in order to adjuſt 
the teleſcope nearly in a line with the edge of the ſilvered part of 
the horizon glaſs H. | 

For the adjuſtment by the ſun, turn up the dark glaſs that is ſome- 
times fixed behind the horizon glaſs, or inſtead of that, ſcrew on the 
head of the teleſcope the wheel of dark es W, bring the index 
to O on the arch, look directly at the ſun through the teleſcope, 
and move the index a little; then if the ſun ſeen direct and the 
reflected image are both diſtin, there needs no farther adjuſtment; 
but if one ſun only appears, then, by means of the ſcrew F, move 
the teleſcope nearer to or farther from the plane of the quadrant, 
till the two ſuns appear the plaineſt poſſible. Uſe the ſame method 
when you adjuſt by the moon, or a ſtar, except in the dark glaſſes, 
which are in this caſe unneceſſary. Te 

The other adjuſtment is to fix the teleſcope in fuch a poſition 
28 to ſee the image when the index may happen to be on any part 
of the arch of the quadrant or ſextant. Proceed exactly as in the. 
laſt adjuſtment, and bring the reflected image down till the index 
will move no farther ; then if you do not loſe fight of the reflected 
image, on account of the teleſcope pointing too high upon the ho- 
rizon glaſs, it needs no farther adjuſtment : but if you loſe ſight 
of the reflected image, point the teleſcope lower, by turning the 
ſcrew F underneath more towards the bottom of the horizon glaſs, 
till you ſee the reflected image to the greateſt advantage. In mo- 
vingthe index through every of the graduated arch, it may 
ſeldom be neceſſary to move the teleſcope upwards. This adjuſt- 
ment requires the perſon to be accuſtomed to obſerving with the 
teleſcope, otherwiſe he may eaſily loſe ſight of the reflected image, 
although the teleſcope be truly fixed. | 


To obſerve the Altitude of the Sun at Land by Reflection 
HFom Water, Quickſilver, &c. 


The mariner when at ſea has a moſt ready method of obtaining 
the altitude of the ſun, moon, &c. by means of the horizon, or 
edge of the ſea: but at land this is not the caſe; 3 
of the ſurrounding land, or other inſurmountable objects, re: 


(1) 


buildings, &c. entirely | adage the leaſt conventency of a natural 
e 


horizon; therefore obſervers by land have had recourſe to the 
means of taking their obſervations of the fun and moon from a re- 


flection from the ſurfaces of fluids, ſuch as water, quickfilver, &c. 


We frequently make particular apparatus for anſwering this pur- 
poſe, called Artificial Horizons; they are of ſeveral different con- 
ſtructions, but the kind now generally adopted by the moſt expert 
obſervers is the following: : | 

It conſiſts of a ſhallow wooden trough, about four inches long 
and three inches broad, in which is placed quickſilver nearly up 
to the brim, this is placed on a ſteadv baſis, and to prevent the 
quickſilver from being agitated by the wind, a beveled roof fixes 
over it, having fixed in its ſides two truly ground parallel glaſſes, 
quite tranſparent. The horizon being thus prepared, to make an 
obſervation by it, you bring the ſun above in the ſky to touch at 
their edges the ſun feen by reflection in the quickfilver, with the 
quadrant as before ; the number of degrees ſhewn upon the arch 
will be the double altitude, the half of which will give the true al- 
titude of the ſun at the place. When the tremulous motion of the 

quickſilver is too great, ſome: obſervers have made uſe of water, 
treacle purified, & c. placed fimply in the trough, without the 
glazed roof or . | 5 

Other obſervers find that a parallel glaſs rather of leſs dimen- 
ſions than the trough, juſt placed upon the quickſilver afloat in the 
trough, will anſwer very well, and give a tolerable ſteady reflection: 
but theſe particulars depend upon circumſtances, and little or no- 
thing can be done without the place is ſteady, and then the firſt 
method mentioned does as well as the beſt. The mode of working 
an obſervation will be hereafter ſhewn by examples. | 
Before the rules are given for finding the latitude of the place, 


it will be neceſſary that the learner ſhould be acquainted with the 


neceſſary corrections to be applied in taking the altitude of the 
ſun, ſtar, &c. 25 | | | | 


Corrections of the obſerved or apparent Altitude. 


The firſt correction is for the ſun's ſemi-diameter, as before ob- 


ferved; that is, if the under edge is obſerved, you add 16 minutes 
to the altitude taken; on the contrary, if the upper limb is taken, 
you muſt ſubtract the 16 minutes. „„ 5 

The ſecond is for the dip of the borixon, which ariſes from the 
obſerver's eye being raiſed above the level of the ſea, conſequently 
he ſees the horizon below the level of the true one, and the in- 
- ſtrument muſt give an altitude too great when a fore obſervation is 
taken, and too ſmall when a back obſervation, unleſs the latter of 
the two methods of adjuſting the back horizon glaſs be uſed. As 
this error depends upon the height of the eye above the water, 
a table of theſe corrections to different heights is compoſed, and 
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placed at the end of this, which are to be ſubtracted from the alt. 
tude given: thus by the table it appears, that if the eye was 20 
feet above the ſea, that 2 39” muſt be ſubtracted from the given 
altitude. | TY 

To explain this matter to the curious reader, let A B D (fig. 3) 
be a part of the ſurface of the ſea, C the center of the earth, A C 
its ſemi-diameter, equal to 43,940,552 Engliſh feet; then if A H 
be any height to which your eye is elevated above the ſurface of 
the ſea at A, and through the point H you draw H O perpendicu- 
lar to H C, that line HO will be the true Horizon; and if from 
the point H you draw the line H B to touch the ſurface of the ſea 
in the ſame point B, then is the line H E the marine horizon, or 
that which appears to the eye. Laſtly, the angle contained between 
the two, viz. the angle O H E, is called the dip of the marine, or 
wiſible horizon : wherefore, when the altitude of the ſun or ſtar at 
S is taken by the quadrant, the angle meaſured on the arch is S H E, 
greater than the true altitude S H O by the ſaid dip or angle O H E, 
which therefore muſt be ſubducted from the meaſured altitude in 
the fore obſervation. The quantity of the dip or angle OH E 
is computed from the triangle B C H, right angled at B, in which 
the fide B C is known, and alſo the fide C H, when the height of 
the eye A H is given; the value in minutes the young trigonometer 
may eaſily calculate. | 


The third correction is by reaſon of the refraction of light 
through the atmoſphere, or body of air. The places of all bodies 
appear to be raiſed higher above the horizon than what they really 
are; ſo that ſuppoſe S (fig. 3) the true place of the fun or ſtar, its 
apparent place will be at I, by this refraction of the air, and its 
angle or arch G D, which is meaſured by the inſtrument, and not 
the arch F E, is the real altitude above the ſea; and therefore 
from the meaſured arch G D we ſubtract, on the one hand, the 
dip of the marine horizon O D, and, on the other, the arch F G, 
the quantity of refraction; and then we get the remainder F O for 
the true altitude required of the object at S. 79, 
A table of the corrections for the refraction of the heavenly 
bodies to he ſubtracted from the obſerved altitude is placed at the 
end of this book, where it appears, for example, that if the ſun 
m_ egg be 8 50“ high, that 5 55” muſt be ſubtracted for 
refraction, | © 1 3 5 


To find the Latitude of a Place by the meridian Altitude 
aud Declination of the Sun, Star, Sc. 


The meridian altitude af the ſun is the altitude taken at twelve 
o'clock at noon by the quadrant, and the tables ſubjoined give the 
u e of the ſun for every day in the year at noon; then in 
the diagram (fig. 10) you obſerve the circle EN Qs is the = 

. | an, 


450 5 6 16 . 


_ tian, E Q the equator, NS the earth's axis, UH O de . 
2 R the vertical. 

Nou the ſun or ſtar may be upon the meridian at (a), between 
the ſouth part of the horizon H and the equator E; or it may be 
at (5), between the equator E and the zenith Z; or it may be on 

the north part of the meridian at (c), between Z and the le N; 
or at (a), between the pole and the horizon O; it may alſo be on 

the equator at E, and in the zenith Z; and ſo upon the whole there 


will be the following fix cafes, with r to the latitude. 


Cafe I. Let the meridian altitude be H a, which taken from 


| 2 leaves the zenith diſtance @ Z; the declination E 4 being 
th, ſubtracted from à Z, leaves E Z the latitude of the place. 


Cafe II. Suppoſe the fun in the equator at E, then i its meridian 


Altitude H E taken from 9go®, leaves the latitude E Z. 
Caſe HI. Let the ſun have north declination at 5, between the 
equator-and zenith, then the declination E 8, added to the zenith 


 &ſtance 4 Z, (or the altitude H bleſs E taken from ge®) will | 


give the latitude EZ. 

- Cafe TV. If the ſun be / in the 155 2, dim its decli- 
nation E Z in the tables is the latitude of the place. 

Caf V. If it be between the zenith and the elevated pole at c, 


then the zenith diſtance Z c, ſubducted from the declination E e, 


leaves the latitude E Z. 


Caſe VI. Let the ſun be at a, between the pole and the hori- | 
ron, then its meridian altitude O à taken from its declination Q 9, 


eaves Lo. the complement of the latitude ſought, or go leſs tho 
titu | 

- To the unmathematical reader perhaps the —_— rules 3 in 
words only may render the method more clear. 

Firſt, If the ſun or ſtar be ſouth when obſerved, call the nentth 
diſtance ſouth ; but if north, call it north. © 
ben if the zenith diſtance and declination be of contrary names; 
that is, if the ſun or ſtar comes to the meridian of the north, and 
hath ſouth declination ; or to the ſouth, and hath north declination, 

the zenith diſtance, adued to the declination, gives the latitude of 
tte place of tio: and of the ſame name the declination is 
whether north or ſouth. 

Secondly, When the zenith diſtance and declination are of the 
Jame name; that is, when the ſun or ſtar comes to the meridian 
in the north, and hath north declination ; or to the fouth, and hath 
Jouth declination, ſubtract the leſſer from the greater, and the 
_ remainder is the latitude : and to diſcover whether it is north or 
ſouth, obſerve this rule 
When the declination is greater than the zenith diſtance, the ls 


titude is of the fame name with the W but if lefs, of a 


contrary Name, 
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\ "EXAMPLE: J. 


on the ayth of May, 1788, the 


the : latitude. of that place ? 


— 


Jun's meridian altitude was ob- 


ſerved to be 57 35, and to the 
ſouth of the obſerver, what was 


90 © 
Meridian altitude = >, $73 n . 
Zenith diſauſsfe — 32 8 


n's declination in table } _ 3 
fo May 27, 1788, is 21 27 N 


Ll — 2 5 


Ex AN. II. Suppoſe at ſea, on 
the 5th of Aug. 1789, the me- 


ridian altitude of the ſun was 


20 13 north of tlie obſerver, 


required- the- latitude in 
| 90 O 
Meridian altitude — 27 1 2N 
Zenith diſtance - 55 62 47N | 
Sun? 8 eclination i in table 1 
for Aug. E 295 is . 16 50 R 
Linse in A 2 3 45 57 


Exan; HL. Suppoſe at fon, on 
the 14th of Jan. 1789, the ſun's 


| meridian altitude was obſerved to 


Suppoſe at. ſea, _ 


N 


be 22 
latitude of the ts of obſerva- 
tion - 208 


go? 0 
Meridian altitude — IPA 178 
Zenith * 5 ĩ & 43 8 
Dedlination per table — 21 118 
L —— 3 288 


— 


— 


In this caſe it appears that the 
obſerver was between the ſun and 
the equator. 


ExAM. IV. Suppoſe at ſea, 
on the 4th of May, 1784, the 
bright ſtar Fomalbaut, when on. 


the meridian, was obſerved to be 


7 21“ above the horizon of the 
and to the north of the ob- 


the e the ktibade of 


the place. c 

900 * 
Meridian inis 37 21 N 
Zenith diſtance . 52 39 N 
F 3 5 declination from s 

e tables in the h 30 
, navigation Waben ; * 

Latitude in | jan" 83 238 


* r 


Example 5 wherein the foregoin G Corredtions re F both 
in the c a) back t Obſerwations, ls 


Exam. V. Suppoſe. at ſea, on 


the 15th of April, 1590, by a tore: 


obſervation with the Hadley's 


ut, the ſun” 8 Jower ede ze 5 (per — for ap. 30 — 9. 55. N : 


was found to be 40? 20' 8. 


eye being 30 feet above the ſea, 
= uired the latitude. 
Obl. alt. ſun's lower edge qo? 20'S 
Sadiancrer to 5 be nal "0 526 


. - 
— —-—̃ 
Pp * 
* 


alt. ſun s center 40 36 8 
pof hor. (per tab.) ſubt. 8 


Ap alt cor. by the dip jo 31 8 
Kees. (per 405 de ſubt. . . : 
Try alt, of fun Eco my 20 8 


L 


Tri c the ſun's center 40 308 
. | NEED 
True 2 l diſtance © — 49 9 30 8 


Latitude © W 59 25 N 


„ 
* 2 Wann, IND 
3 * 
þ x * * ** 2 * * 2 * 
— 5 * 1 10 


-Fxam: VI. Suppoſe on the 
31ſt of Juiy, 1790, an obſerver 
40 feet above the ſea finds the 
apparent altitude of the ſun's up- 
per limb to be 56 22 N. re- 


quired the latitude os tas ner 
% 55.5 45% ‚ 5M 


' 


17 ſouth, what. was the 


. 


(8). 


App ate. fon's upper edge 86e 22/N 
2. ſemi-diamerer ſube. 0 16 
56 6 N 


3 e 


App alt. corrected by dip 36 © © 
Refractor to be ſubtrac tet 0 1 


85 39 


True alt of ſun's center 


Zenith aiftance | 1 24 1N 
Sun's declination oy” 31 Joly 18 12 N 


— 


Latitude ee F J 


In this caſe” the upper edge 
being obſerved, the ſemi-diame- 
Wu 18 ſuburacted. a av 


1 AM,. VII. Suppoſe at ſea, 
N ov. 27, 1790, by a back obſer-, 
vation with the Hadley's quat 
drant, the apparent altitude of 
the ſon's lower edge was 25” 12 
S. and the eye 30 feet above the 

in what wry was the * 
ervation made? _ 
Obſ. alt. ſun's lower xg 


Semi- dlameter to be K 
e eee 56 8. 

Dip for 40 feet to be added OD 
_ Refradi, to be ſubt. — . 
8 True alt of fu's expe | 5 uy. 5 
f 5 


Zenith diftance . 0 8 
r 27 21 15 8 


; : Sc — — 
Latitude 5 — 43 45 N 


— —— * 


\Thedpis » added in the bk 


„ 


'Exane: VII Suppoſe the eye 
of an obſerver, at 35 feet above 
the. water, ſhould with the for 71 


obſervation by the 1 fin 


the c of che ſtar Sirius 


ge 12 8 i 


ee altitule 


$3* 3 5 8 why on the meridian, 


1 uired the latitude of the place 7. 


alt. of Sirius 970 35 o 


1 of mne  fub 8. 


* n 


Refraction to | be ſubt. 8 0X. Mt 


True alt, of Sirius 53 28 39 
%%% ͤ́ ˙ iè 0.0 
True zenith diſtance 36 31 27 8 


Declination from the 85 
8 navigation books 16 25 08 
6 21N 


GEO 3 20 


. IX, . on Nov. 
5th, 1788, being on land, and 
Siſhing to know the latitude of 


the place where I then. was, I had 
taken 'the double altitude of the 
ſun by reflection from water, 

uickfilver, or other artificial ho- 
rizon, viz. by bringing the lower 
edge of the ſun to touch the 
nearer edge of the reflection of 
the ſun in the fluid, the Hadley's 
quadrant ſhewing the angle to 
wor > of 8. e 1 lati- 
tude? 


"Hair of which gives the 
apparent altitude by 
Semi. diameter to be added 10:16 : 


YH - 5 
. * & : 


2 22 31 
Cees ber nine, — G 1 
Ip - | 
True alt. of ſun's center 22 29 
e ..0 
Zenith Ace ; Ls 8 67 31 8 
Diclinatioa per table — 15 59 8 


Latirude Q London) 8 51 32 N 


| Tn this caſe there is no dip, as 


half the obſerved: altitude 1 


n 
| 9 | 


* 21 


rr Ov»: 


coincide with it. 4 


3 ( 8 Xx + 3 | ; 


The Demonſtration of the Theory of Hadley's. Quadrant. 


THE Theory ariſes from the f/f principle, or rather axiom, of 
OPTICS, wiz. that in cafe of light falling on, or reflected from 
any poliſhed ſurface, or ſpeculum, the angle of incidence is ever 
equal to the angle of reflection. | TE Oy {27-41 
This principle is demonſtrated by writers on Op ries, both 
from' reaſon and experiment, and is eaſily illuſtrated by fig. 11. 

falls in 


Let E F be a plain mirror, on which a ray of light S 


the point D; then if the line P D be perpendicular to the glaſs at 
D, and make the angle P D L = (equal to) the angle P D 8, 


the line D L will be the reflected ray; and in all caſes the angle of 


zncidence $ D P abill ever be equal to the angle of reflection P D L. 
If MD be an index fixed on the ſpeculum in a line with its 


- furface E F, it will then be in the direction D M, at right angles 


to the perpendicular PD; and ſuppoſing the incident ray 8 D re- 
flected to L D, then by moving the index M D towards D L, the 


glaſs F E will have the ſame motion on the center D, and at laſt 


arrive at the ſituation A B; during which time the „ 
P D will gradually approach to the incident ray 8 D, and at laſt 


But as the perpendicular PD approaches the ray 8 D, the angle 
of incidence, P D 8, is conſtantly decreaſing, and therefore, Af 
the angle of reflection, PD L, which is always equal to it: and 


when B D coincides with 8 D, or D M with D L, then both theſe 


angles vaniſh, and the incident ray is reflected back upon itſelf, or 
in the ſame direction from D tos. SRI 
In the time the perpendicular P D moves through the arch P S, 
the reflected ray D L moves through the arch LS, which is double 
the arch PS. Therefore the motion of the reflected ray L D is 
twice as quick as the motion of the perpendicular P D, or of the 
index and its glaſs MD. 

Now let A B of fig. 5 repreſent the index, or large glaſs of 


Hadley's Quadrant, moveable on the center C of the inſtrument 


by means of the index on which it is fixed, and let P C be perpen- 
dicular thereto in the point C; then if any ray of Tight, as ed 
fall upon it in the point C, it will be ſo reflected as to make the 
le of A e C P equal to the angle of reflection PC G; 

and therefore deſcribing on the center C the circle M R L, and 
making the arch P G=P H, the line C G vill be the reflected ray. 
Again: let F be the ſmaller 7 8 in a poſition F N, parallel to 
that of the larger one A B, and ſuppoſe F Q perpendicular there- 
to; then again, the ray of light C 3 on this glaſs, in the 
Point E, will be ſo reflected, that the angle C F Q will be equal to 
che angle QF I, if F I be the reflected ray. = woe 


No becauſe the two glaſſes A B and F are in a parallel pofi- : 


tion, therefore the endiculars PC and F Q will alſo be paral- 


kel, and the right line C F which croſſes them will make the alter- 
Hate angles > © 


F and C F Q equal; and conſequently the angle 
= 9m 


* 


6 

H CP wilt be equal to the angle QF I, which proves 2ha? the ray 
F I after two reflections is parallel to the incident ray H C. 
HFence, in all poſitions of the quadrant (while the glaſſes remain 
parallel to each other) the eye at I will view any very diſtant object 
in the ſame place by the reffected ray F I, as it would do by the 
incident ray at O if the glaſs A B was removed. Hence the rea- 
ſon of adjuſting the quadrant by a difant object, (either the hori- 
zon itſelf, or any other remote object) ſince in ſuch a caſe, the 
object ſeen by the direct ray H C, and the image ſhewn by the re- 


flected ray F I, do coincide, or appear in one and the fame place. 


But this is not the caſe when the object is ſo near that the line or 
diſtance C S ſubtends at the object a ſenſible angle, becauſe then 
the incident and reflected rays H C and FI interie& each other; 
and therefore the object and image in the glaſs at F will appear in 
two different places. 3 5 . 

If the poſition of the ſinall glaſs F (fig. 8) be perpendicular to that 
of the large glaſs A B, or T F N perpendicular to A B D, and the 
line QF perpendicular to the ſaid glaſs in F, then the angle H C P 
is equal to the angle P C F as before, and alſo the angle C F Q 


QF 1; therefore the angle C F N=TF T: but T N is paralle! 


to P C, therefore the angle C F NF CP, and alſo to the angle 


2 CH, conſequently the angle T F ISPCH: but T F is pa- 


rallel to PC, therefore the reflected ray T F is parallel to the in- 
cident ray H C; wher efore the image of an object at a great diſ- 
tance is ſeen at R by an eye at I, in the ſarfie right line with the 
object itſelf, but in an oppoſite part of the hemiſphere; which gives 
the reaſon ⁊uhy the lowermoſt of the horizon Safes is placed in that 

'  fofition on the fide of the quadrant for the back obſervation. 


If while the glaſs F retains its poſition (as in fig. 7) 855 ke 


glaſs A B be moved on the index from its parallel poſition in A D 
to any other, as A X, (fig. 9) then, while the index C X deſcribes 
the angle D C X, the 1 P C will deſcribe the 2gza? 
angle P Cp. In this fituation of the glaſſes, let M C be the in- 
cident ray, and F I the laſt reflected one; produce M C till it in- 
terſects the reflected ray at I : then will the angle M I F be equal 
to twice the angle DC X. For in this caſe the angle by the firſt 
reflection is increaſed from G CH to GC M, by the exceſs 
H C M: but half the angle G C Mis G Cp, and its exceſs 
above G C P (the half of G C HJ) is the angle P © ; therefofe 


the whole excels HC M of the whole angle G C M above GCH, 


muſt be equal to twice the angle P C p, or twice the angle DC X: 
but ſince H O is parallel to F I, the angle MC HMI F. 
conſequently the angle MI F is equal to double the angle DC X; 
therefore the angle MCH (=MIF) 7s alſo double the angle DC X. 
Or thus: fince the glaſs F is immoveable, and alſo the point 
C, which is the center of the moveable glaſs A B, it is eaſy to un- 
derſtand that the rays C F and F I will each of them be fixed; 
and therefore the ray C F may be conſidered as falling on the 
gab AB in the point C, and thereby reflected in the direction 
. A | | 


CM: 


S3 8. 3 000 =, . „ 


(i 5 


M: but C M, conſidered as the reflected ray, has twice the 


motion of the reflecting glafs A B, or its index A X; that is, 
while the index moves from D to X, the ray is reflected from H to 
M, and the arch H M is double the arch D X, as was ſhewed in 
the beginning was always the caſe in ſingle refiection. „ 

It now appears by demonſtration, that by moving the index 
over any number of degrees on the limb of the quadrant, you 
meaſure an arch in the heavens juſt equal to twice that number of 
degrees; and therefore the oclaut, or eighth part of a circle, is by 
this conſtruction rendered equivalent to the fourth part of a circle 
for meaſuring angles. | : | | 

But the e advantage of this inſtrument, and by which it 
excels all others for ſea uſe, conſiſts in this, that the image of an 
ohjeck by the ſecond reſtection is quieſcent, or at reft, while the qua- 
drant is in motion: that motion is meant which is made in a verti- 
cal plane paſſing through the object; for let the inſtrument have 
what poſition it will in that plane, the angle M I F is not thereby 
affected or altered, and conſequently the poſitions of the laſt re- 
flected ray is the ſame, and therefore the apparent place or image 
of the object muſt neceſſarily be invariable or at reſt. 

To demonſtrate this in the eaſieſt way, we need only to conſider, 
that as the quadrant moves on the point C, or axis of the glaſs 
AB, (fig. ) the perpendicular P C will be carried to or from the 
fixed line H O, and thereby the angle PC H becomes diminiſhed 
or increaſed ; but the angle PC F will ever be equal to PC H: 
and becauſe the perpendicular QF is always in this caſe parallel 
to P C, therefore the angle C F Q is equal to P C FE, and conſe- 
JN C FI is always equal to FCH; therefore the reflected 
ray F I is parallel to H C conſtantly, and will of courſe ſhew the 
object ever in the ſame place, or at reſt. 

The reaſoning 1s the ſame for fig. 8 and q, or any other poſi- 
tion of the glaiſes, provided they art parallel to each other when 
the index is at the beginning of the degrees on the limb of the 
quadrant, | | | | 

If the quadrant liberates fideways, or has a motion contrary t& 
the former, there will, indeed, be a motion of the image pro- 
duced, becauſe fince the image is always formed in the plane of 
refte&ion, which paſſes through the object and the eye of the ob- 

ſerver, it is evident if that plane be changed, the place of the 
image muſt change with it, and a motion of the image will be the 
effect of ſuch a motion of the inſtrument; but then this motion is 
ſo far from being detrimental, that, on the contrary, it is of very 
great uſe in many caſes, which expert obſervers are well acquainted 


with. 


The preceding particulars are the ef eſſential which conſtitute 
the nature and theory of this capital inſtrument ; more minute 
mathematical inquiries mey be found in the publications on the 
inſtrument by Ladlam, Magellan, and others; and many uſeful 
practical remarks by the ſame authors in Maſtelynes Mariner”s 
Guide, and the Regnifite Tables. : 
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